JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of content in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms of scholarship. For more information about JSTOR, please contact support@jstor.org. Abstract. Measurements of above-ground plant volume were used to quantify corn interference with common cocklebur and velvetleaf. Separate experiments were carried out for each weed species in which neighborhoods with a radius of 50 cm were established around target plants of both species, selected from a range of corn plus cocklebur or velvetleaf densities. Height and canopy area of target plants and neighbor corn and weed populations were measured periodically during the growing season. Target plant (corn, cocklebur, or velvetleaf) size as well as corn and weed population size within each neighborhood were quantified as cylindrical volumes. Regression analysis was used to quantify the relationship between target plant seed production and cylindrical volumes of the target and neighbor species. Both target and neighbor plant volumes were correlated with target plant seed production for all species. The ratio of target plant volume to total neighborhood plant volume (volume ratio) was the independent variable that accounted for the most variation in target plant seed production. These volumebased variables may be used to develop competitive indices in physico-empirical based interference models. Nomenclature: Common cocklebur, Xanthium strumarium L. #3 
INTRODUCTION
The ability to make successful weed management decisions depends upon accurate prediction of the impact of weed populations on crop yields. Several methods have been used to establish predictive relationships between weed density and crop yield (3, 5, 6, 18). Most yield-density relationships have been based on the average performance of a group of plants. However, as plant populations often are composed of a hierarchy of individuals with a few large dominants and a greater number of small suppressed plants, average plant performance may not represent the most common plant in a population (6, 30) . Averaging plant performance across all individuals in a plot may obscure the effects of spatially heterogeneous resource concentrations that can alter the outcome of competitive interactions (8, 23). These limitations may be overcome by using an individual-plant-centered neighborhood approach (25) .
A neighborhood approach allows for individual plant measurements that effectively characterize the response of a target plant to interference from neighbor plants (6, 7, 25, 30). The mechanism whereby one plant inhibits another is generally resource reduction (24) . Successful capture of resources by an individual plant depends on its size, emergence time relative to neighboring plants, distance from neighbor plants, morphology and physiology, and the morphology and physiology of its neighbors (6, 27). Models of weed and crop competition based on weed density (number of plants per unit area) alone do not adequately account for all of these factors (6, 13). More of the variation in plant performance may be accounted for if size characteristics of competing plants are incorporated in empirical relationships (25, 29) , because size is a direct measure of morphology, reflecting relative emergence time, spatial arrangement, and plant physiology (3, 6).
Total plant dry weight is often used to measure plant size. Determining dry weight requires destructive sampling, which prevents season-long study of the same individuals. White and Harper (31) suggest that plant weight is a function of the volume of space it occupies. Therefore, a measure of plant volume should provide a non-destructive index of total plant weight as well as morphology and subsequent resource use. Plant volumes could assume any number of shapes. Cylindrical volumes are easily determined from height and canopy area measurements and may be sufficient for development of simple empirical models of plant interference.
This study was conducted to determine the potential for using cylindrical plant volume measurements as variables for assessing corn interactions with common cocklebur and velvetleaf in neighborhoods. The overall goal of this work was to establish the best empirical relationships that characterize interference between these species. Specific objectives were a) to determine how volume of an individual plant is related to its biomass and seed yield, b) to understand the relationship between individual plant seed production and neighbor plant density, canopy area, and volume, c) to determine a biologically realistic combination of target and neighbor plant cylindrical volume measurements for predicting target plant seed production, and d) to compare this combination variable to total neighborhood density as a predictor of target plant response. Common cocklebur and velvetleaf were chosen for study because these weeds have the potential to grow very large, they cause severe yield losses in corn (4, 32), and they are easy to measure.
MATERIALS AND METHODS
Study site. Field experiments were carried out in 1991 and 1992 at Rosemount, Minnesota, on a Waukegan silt loam soil (finesilty over sandy, mixed, mesic Typic Hapludoll) with approximately 3% organic matter. Previous crops were corn on the 1991 site and peas followed by alfalfa on the 1992 site. Sites were located adjacent to one another in the same field and were disked and fertilized with 116 kg ha-' N in 1991 and 84 kg ha-' N, 31 kg ha-' P, and 94 kg ha-' K in 1992, as recommended by the University of Minnesota Soil Testing Laboratory for corn production. Planting dates were May 14, 1991, and May 8, 1992. Soil moisture was presumed adequate throughout the growing season in 1991 with 11.51 cm of rain the first 5 wk after planting but dry in 1992 for the first 5 wk after planting, receiving only 3.45 cm of rain. Soil and air temperatures generally were cooler in 1992, with slight frost damage during the last week of May. Accumulated growing degree days were calculated with a minumum base of 10 C and a maximum of 30 C. Neighborhood establishment. A range of weed and corn densities were established in 5 by 5 m plots in a randomized complete block design with three replications. Treatments included four weed seeding rates (0, 200,000; 400,000, and 800,000 seeds ha-'), four corn planting rates (0; 32,000; 64,000, and 128,000 seeds ha-l). Separate experiments were carried out for each weed species but treatments were randomized together so that comparisons could be made between common cocklebur and velvetleaf. Following seedbed preparation, a grid of 135 plots was laid out in three 45-plot blocks arranged along a slight change in soil type. Each block contained 18 corn + common cocklebur combinations, 18 corn + velvetleaf combinations, three corn monocultures, three common cocklebur monocultures, and three velvetleaf monocultures. Within each plot, a single target plant (weed or corn) was randomly chosen for study and a 50-cm radius neighborhood was established around it. Half of the 18 corn + weed combination plots were used for weed targets and the other half for corn targets.
Pre-measured quantities of deburred common cocklebur pods and acid scarified velvetleaf seed were hand scattered in the center 3.7 by 3.7 m of appropriate plots and incorporated with a disk. Pioneer 3787 hybrid seed corn was then uniformly sown at 5 cm depth in 76 cm wide rows at 64,000 seeds ha-l in all plots, except those designated for weed monocultures. Additional corn rows were planted with a jab-type hand planter in 128,000 seed ha-' corn plots. In 32,000 seed ha-' corn plots, every other corn plant was removed with a hoe upon emergence. as neighbor shading intensifies following canopy closure, synthesis of carbohydrate may drop sufficiently to reduce the rate of storage, resulting in lower tissue densities or longer internodes, seed yield for corn, common cocklebur, and velvetleaf revealed an increasingly positive relationship over time and growing degree day accumulation (Tables 1 and 2 ). By early to mid July, a strong positive correlation was observed for each species, indicating that accumulated height and canopy area development in the first 8 wk after planting was important to seed production. Predicting target seed yield from neighborhood parameters.
Total neighborhood density, canopy area, and cylindrical volume were negatively correlated with target plant seed production for all species (Tables 3 and 4 neighbor plant density, canopy area, or biomass  increased (11, 28) . These relationships were best described by a negative hyperbolic curve (6, 7, 17, 21, 26, 28, 32). Regression analysis confirmed that yield density curves were best described by the negative hyperbolic curve developed by Weiner (28) based on the inverse yield law (10) (Figures 3 and 4) . Regression analyses also revealed that neighbor canopy area and volume were related to target plant seed production in a negative hyperbolic form (results not shown).
Predicting target plant seed production from volume ratio. 5 and 6 ). This is expected since plants of a given species that are larger relative to neighbors should have greater potential for seed production. Linear functions consistently provided the best fit for relating volume ratio to target plant seed yield and represent reasonable predictions because crop plants in production fields will most often exhibit volume ratios over the middle to upper portions of the graphs, where the relationship is most linear. However, further testing of the predictive functions over more years and sites are required to verify their utility. The relationship between target plant seed yield and volume ratio tended to be weaker at early measurement dates than later dates based on the percentage of variation explained (Table 5) . total neighbor density, on the other hand, were different from year to year in both the common cocklebur and velvetleaf experiments. Parameter values for corn target plant yield in the velvetleaf experiment were not different from year to year for volume ratios determined between June 9 and June 23. Parameter values were stable across years when volume ratios were determined between June 18 and July 7 for corn target plant yield with common cocklebur neighbors. These findings suggest that relationships between corn plant yield and volume ratio may be consistent over time and perhaps space. The stability of volume ratio relationships, however, may depend upon crop and weed maturity, which can influence measurement accuracy.
Volume ratio and total density were inconsistent from year to year for predicting seed production of common cocklebur and velvetleaf. This may be due to wide genetic diversity within each weed species allowing for a broad range of responses to factors such as pathogens, predators, and physical gradients as well as interference from other plant species. Volume ratio may be an improvement over density as an independent variable to quantify intra-and inter-specific interference on corn yield. Volume ratio captures the result of different emergence times and variation in growth rates as well as the number of neighbors. Bioeconomic models and weed management decision aids have been plagued with the common problem of a requirement to reparameterize the interference component of the models for different regions and over time. This study has provided evidence that volume ratio captures enough of the mechanism driving interference between corn and arboreous growth form weeds to be accurate as well as consistent over time and space. The predictive power and utility for use of volume ratio to quantify intra-and inter-specific impacts on weed seed production may be less useful because of inconsistency over time. The utility of these interference models in weed management decision aids may be better judged based on the economic impact of their predictions. Volume ratio might be used most effectively in the development of physio-empirical-based weed control decision models as the foundation for more accurate competitive indices for modifying growth of individual plants and competing species over time and predicting yield as a result of season-long interference. A model of this type is currently under development (15) .
This research has shown that plant volume measurements can be used to predict individual plant seed production in two separate two-species mixtures. These results suggest that volume ratio can predict individual plant performance for other two-species mixtures and for multispecies mixtures, but this must be verified. Because soil fertility and moisture were high in these experiments, competition was assumed to be primarily for light. We predict, however, that volume measurements would in fact reflect the share of all resources that plants are receiving, as above-ground morphology is a function not only of available light but also available soil resources (24). The volume-based relationships in this study must be tested in situations where competition is mainly for soil resources.
